Loss of dystrophin causes aberrant mechanotransduction in skeletal muscle fibers.
Dystrophin is a cytoskeletal protein found at the inner surface of skeletal and cardiac muscle fibers. We hypothesize that deficiency of dystrophin increases muscle compliance and causes an aberrant mechanotransduction in muscle fibers. To test this hypothesis, we measured the length-tension relationships and determined intracellular signaling leading to the activation of mitogen-activated protein (MAP) kinases in diaphragm muscle fibers from dystrophin-deficient mdx mice. Compared with controls, length-tension curves of the mdx mice were shifted to the right. A higher level of activation of extracellular signal-regulated kinase 1/2 (ERK1/2) but not c-Jun N-terminal kinase-1 or p38 MAP kinase was observed in the mdx muscle compared with the normal muscle in response to mechanical stretch. Removal of Ca2+ from the medium inhibited stretch-induced ERK1/2 activation only in mdx muscle fibers but not in the normal fibers. Conversely, pretreatment with TMB-8 (an antagonist of intracellular Ca2+ blocked the mechanical stretch-induced ERK1/2 activation in normal but not in mdx muscle fibers. Pretreatment of muscle with nifedipine (L-type calcium channel antagonist) marginally decreased the activation of ERK1/2 in normal or mdx muscle whereas pretreatment with gadolinium (III) chloride (an inhibitor of stretch-activated channels) only blocked the activation of ERK1/2 in mdx muscle, with no significant effect on normal muscle. A higher basal level of activation of activator protein-1 (AP-1) transcription factor was observed in dystrophin-deficient diaphragm, which was further augmented by mechanical stretch. Mechanical stretch-induced activation of AP-1 was decreased by pretreatment of muscle fibers with PD98059 (ERK1/2 inhibitor) and removal of Ca2+ ions from incubation medium. Our results show that dystrophin is a load-bearing element and its deficiency leads to loss of muscle stiffness and aberrant mechanotransduction in skeletal muscle fibers.